A mixed-culture of bacteria collected from a wastewater treatment plant in Brits, North-West Province (South Africa) biocatalytically reduced Cr(VI) at much higher concentrations than previously observed in cultures isolated in North America. Complete Cr(VI) reduction in aerobic cultures was achieved at a high concentration of 200 mg/L after incubation for only 65 hours.
INTRODUCTION
Hexavalent chromium is known to be both carcinogenic and mutagenic to a wide range of living organisms including mammals (US EPA 1978) . Cr(VI) is conventionally treated by reduction to Cr(III) using chemical agents followed by precipitation as chromic hydroxide (Cr(OH) 3 ) at high pH (Patterson 1985) . The reduction of Cr(VI) to Cr(III) is favoured since Cr(III) is more stable under natural conditions and is approximately 1,000 times less toxic than Cr(VI) (Levitskaia et al. 2008) . Additionally, trace amounts of Cr(III) are essential for the metabolism of carbohydrates in humans (Mertz 1974) .
A maximum acceptable concentration of 0.05 mg/L (50 mg/L) for chromium in drinking water has been established on the basis of health considerations. Cr(VI) concentrations above the allowable limit may cause cancer in humans and other living organisms, and is acutely toxic at much higher concentrations (US EPA 1978; Federal Register 1985) .
The chemical treatment of Cr(VI) is cost intensive and often leaves unwanted chemical by-products in water. Thus, efforts have been underway to find more environmentally friendly alternatives for treating Cr(VI) in effluents and for cleanup of Cr(VI) contaminated environments (Ohtake et al. 1990; Ganguli & Tripathi 2002) .
Cr(VI) reduction by microorganisms often results in the consumption of large amounts of proton as reducing equivalents which results in the elevation of the background doi: 10.2166/wst.2008.669 pH. The increased pH facilitates the precipitation of the reduced chromium as chromium hydroxide, Cr(OH) 3 (s) as shown in Equations (1) and (2) below (Brock & Madigan 2000 -2001 Zakaria et al. 2007) :
Equation (1) 
MATERIALS AND METHODS

Culture and media
Source of microorganisms
The mixed-culture of bacteria was obtained from dried sludge collected from sand drying beds at the Brits Wastewater 
Analytical methods
Chromium determination
Cr(VI) was measured using a UV/VIS spectrophotometer (WPA, Light Wave II, Labotech, South Africa).
The measurement was carried out at a wavelength of 540 nm (10 mm light path) after acidification of 0. were serially diluted in 0.9 mL sterile 0.85% NaCl solution.
One mL of each dilution was then added to agar plates (100 cm £ 15 cm size) followed by thorough mixing with approximately 10 mL of liquid agar at 468C. Colonies were counted after 24 hours incubation and the colony count was recorded as CFU/100 mL.
Cr (VI) reduction capacity
The Cr(VI) reduction capacity of the cells was determined as the mass of Cr(VI) reduced per unit mass of viable cells inactivated (Shen & Wang 1994) :
where R c ¼ Cr ( Wang & Shen (1997) .
RESULTS AND DISCUSSION
Abiotic Cr(VI) reduction was insignificant based on low
Cr(VI) reduction rates in heat-killed cultures and cell free batches.
Biocatalytic conversion of Cr(VI) to Cr(III) was validated by a mass balance analysis on Cr species during incubation.
Since Cr(VI) was the only added form of Cr, the total Cr measured using the AAS at the end of the experiment was expected to be equal to the amount of Cr(VI) added. Table 2 shows that the added Cr(VI) concentration was accounted for as total Cr at the end of the experiment with a measurement error of^5%. Only one value (at 100 mg/L) exceeded the acceptable error range of 5% for this method. was reduced at the highest concentration tested (600 mg/L).
Cr(VI) reduction under aerobic conditions
The loss of the capability to reduce Cr(VI) at high Cr(VI) loadings was directly correlated to the loss of cell viability.
Cr(VI) reduction in an anaerobic mixed-culture
In the anaerobic cultures, Cr(VI) reduction was investigated in the range of 50 to 300 mg Cr(VI)/L (Figure 2 ). Optimum Cr(VI) reduction rate was expected to be lower than that observed in aerobic cultures due to the observed low metabolic rates in the anaerobic culture.
Comparative analysis -aerobic versus anaerobic
A comparison of Cr(VI) reduction rates showed that, at 
Culture characterisation
Results showed that the gram-positive Bacillus genera predominated under aerobic conditions with a small composition of the gram-negative Microbacterium sp.
( Table 3) . Among the Bacillus groups, Bacillus cereus and Bacillus thuringiensis predominated.
For cultures grown under anaerobic conditions, more biodiversity was observed with the marked appearance of Enterococcus, Arthrobacter, Paenibacillus and Oceanobacillus species (data not shown). It is important to note that the dried sludge was exposed to the atmosphere.
Thus, most of the isolated cultures, even if cultured under anaerobic conditions, could be facultative in nature.
Evaluation of Cr(VI) reduction in pure cultures
Cr(VI) reduction in pure cultures (X1-X7) was compared with the Cr(VI) reduction in the original consortium culture from the dried sludge. An example of the comparative data analysis is shown in Figure 3 with the Bacillus mycoides/thuringiensis 
CONCLUSIONS
The consortium culture isolated from the dried sludge from 
